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ABSTRACT

Grapes contain different polyphenols and might prevent inflammation by reducing Nitric Oxide (NO) inactivation
through antioxidative enzymes. The aim of this article was to demonstrate the effects of grape polyphenols on the
selected inflammatory mediators, such as interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-a), and high-
sensitivity C-reactive protein (hs-CRP). To find papers assessing the effects of grape polyphenols on inflammatory
mediators, electronic data bases, including ISI web of science, PubMed/Medline, SCOPUS, and Google scholar,
were searched up to March 2019. Delphi checklist was used for evaluating the qualities of the included articles.
The protocol was registered in PROSPERO (No. CRD42019116695). The mean changes in the intervention and
control groups were calculated by subtracting the end values from the baselines. Then, the difference between the
two changes was measured and utilized as the effect size in meta-analysis. 9 and 8 articles were included in the
systematic review and meta-analysis, respectively. Our results indicated that grape polyphenols did not reduce hs-
CRP levels, but omission of one article could lead to a significant reduction in hs-CRP (Weight Mean Difference
(WMD): —0.54 mg/L, 95 % CI: —1.02, -0.06; P=0.026, 1>=0.0 %). Regarding IL-6 and TNF-a, no significant
changes were observed in the intervention compared to the control group (WMD: 0.04 pg/mL, 95 % CI: —0.02,
0.28; P=0.744, I’=0.0 %, WMD: -0.10 pg/mL, 95 % CI: —0.25, 0.05; P=0.183, I>=0.0 %, respectively). We found
no beneficial effects of grape polyphenols on the selected inflammatory mediators. Still, more studies with higher
doses of polyphenols, longer treatment durations, different sources of grape polyphenols, and larger numbers of
participants are required.

Keywords: Interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-a), high-sensitivity C-reactive protein (hs-
CRP), grape polyphenols

INTRODUCTION proteins is a well-known risk factor for vari-
ous chronic diseases, such as Coronary Vas-
cular Disease (CVD) (Pearson et al., 2003;
Ridker et al., 2004), endothelial dysfunction,

Chronically increased inflammation re-
flected by the enhancements of cytokines, en-
dothelial activation markers, and acute-phase
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metabolic syndrome, and type 2 diabetes
(Tsoupras and Lordan, 2018). High sensitive-
C-Reactive Protein (hs-CRP), interleukin-6
(IL-6), and tumor necrosis factor-alpha (TNF-
a) are the most important inflammatory medi-
ators in relation to health status. IL-6 and
TNF-a secreted from lymphocytes and mac-
rophages (Bradley, 2008; Gabay, 2006), as
well as liver cells, were stimulated to secrete
CRP into blood circulation (Pepys and
Hirschfield, 2003) and consequently lead to
chronic diseases.

Evidence suggests that greater food con-
sumptions with higher antioxidant contents
can effectively alleviate oxidative stress and
inflammation (Haghighatdoost and Hariri,
2019; Salehi-Abargouei et al., 2017;
Spormann et al., 2008). Phenolic compounds,
such as flavonoids, can slow down or inhibit
inflammatory processes via donating elec-
trons or hydrogen (Gulcin, 2012). Epidemio-
logical studies have indicated that the subjects
who have consumed higher amounts of flavo-
noid-rich foods have had lower CVD risks
(Geleijnse et al., 2002; Hertog et al., 1993),
which might be attributable to the reductions
of inflammation and oxidative stress (Cao et
al., 1998).

Polyphenols, which are naturally found in
vegetables and fruits, have anti-inflamma-
tory, hypolipidemic, and antioxidant effects
(Zern and Fernandez, 2005). Furthermore, in
vitro studies have demonstrated that polyphe-
nols can prevent the expressions and secre-
tions of inflammatory mediators (Santangelo
et al., 2007). Grapes have different polyphe-
nols, such as flavonols, flavans, anthocyanins,
and stilbenes (e.g., resveratrol), and might
prevent oxidative stress, LDL oxidation, in-
flammation, and dyslipidemia (Haghighat-
doost and Hariri, 2018, 2019; Xia et al., 2010;
Zern et al., 2005). Grape polyphenols, espe-
cially resveratrol, can reduce inflammation by
decreasing Nitric Oxide (NO) inactivation
through antioxidative enzymes, including su-
peroxide dismutase, NADPH oxidase, and
glutathione peroxidase (Spanier et al., 2009).

There are many Randomized Clinical Tri-
als (RCTs) in human beings for studying the

effects of grape polyphenols on inflammatory
mediators, but they have yielded conflicting
results. A meta-analysis in 2011 with 3 effect
sizes indicated that the polyphenols obtained
from grape seeds could lower CRP concentra-
tions (Feringa et al., 2011). However, no arti-
cles assessing grape polyphenols from other
grape derivatives, such as raisin, whole grape
extract, and grape juice, were included. The
effects of grape polyphenols on other inflam-
matory mediators were not examined either.
Therefore, a meta-analysis is necessary to
summarize the overall effects of grape poly-
phenols on inflammatory mediators. In this
systematic review and meta-analysis article,
we included all the published RCTs evaluat-
ing the effects of grape polyphenols on CRP,
IL-6, and TNF-q.

MATERIALS AND METHODS

To find papers assessing the effects of
grape polyphenols on inflammatory media-
tors, advanced searches were conducted.
Electronic data bases, including ISI web of
science, Google scholar, PubMed/Medline,
and SCOPUS, were searched up to March
2019 with the following Mesh and non-Mesh
key words: ‘Interleukin 6’, ‘IL-6’, ‘IL6’, ‘In-
terleukin-6’, “TNF alpha’, ‘TNF-alpha’, ‘Tu-
mor Necrosis Factor-alpha’, ‘Tumor Necrosis
Factor’, ‘Tumor Necrosis Factor alpha’,
‘CRP’, ‘C Reactive Protein’, ‘Protein, C-Re-
active’, ‘C-Reactive Protein’, ‘raisin’,
‘grape’, ‘grape extract’, ‘grape juice’, ‘grape
seed extract’, ‘polyphenol’. We designed an
advanced search by using quotation marks,
Boolean operators, asterisks, and parentheses.
Quotation marks, parentheses, and asterisks
were applied to search the exact terms, group
search terms, and all the words derived from
one keyword, respectively. All the papers
found were exported to EndNote software
(reference manager software, version X6). To
find relevant articles, the titles and abstracts
of the exported articles were read by MH and
FH separately, while the reference lists of all
the relevant reviews and RCTs were hand-
searched. PubMed’s email alert service was
employed to update our searches until May
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2019. We solved all discrepancies via a group
discussion. This review was performed with-
out any restrictions on the publication time
and language.

Inclusion criteria

We used PICOS framework as the inclu-
sion criteria for this meta-analysis: 1) popula-
tion: participants aged >18, without acute in-
flammatory diseases, and no gender-based re-
strictions; 2) intervention: grape polyphenols
consumed in any forms of grapes; 3) compar-
ator: placebo; 4) outcomes: serum concentra-
tions of IL-6, TNF-a, and CRP as inflamma-
tory mediators; 5) study design: Randomized
Controlled Trials (RCTs).

Exclusion criteria

Articles with the following criteria were
excluded: 1) not reporting polyphenol doses;
2) lacking any data regarding the baseline and
end concentrations of the inflammatory bi-
omarkers in the intervention or control groups
or any information about changes in the out-
comes; 3) having interventions with a dura-
tion of less than one day; 4) taking other nu-
trients beside grape polyphenols only in the
intervention group; 5) studying similar popu-
lations; 6) not having a control group; 7) tak-
ing grape seed oil due to its high vitamin E
content (Wen et al., 2016); 8) taking red wine
with alcohol instead of dealcoholized red
wine; and 9) non-English articles.

Data extraction

The eligible RCTs for our systematic re-
view and meta-analysis were carefully read
and the following data were extracted: coun-
try, publication year, first author’s name,
sample size, sample sizes in the intervention
and placebo group, clinical trial design, par-
ticipant’s sex and age, numbers of males and
females, participant’s health status, dose of
grape polyphenols, placebo, treatment dura-
tion, mean and Standard Deviation (SD) of se-
rum hs-CRP, and IL-6 and TNF-a levels. All
the discrepancies in the extracted data were
solved via a group discussion and the MH

"Reminder Systems" sent an email to the au-
thors to clarify unclear data.

Quality assessment

Article quality was scored between 9 (rig-
orous) and zero (very poor) by using the Del-
phi checklist (Verhagen et al., 1998). Delphi
items included answers to the following ques-
tions: I) Did authors perform standard ran-
domization? II) Did they conceal intervention
allocation? III) Did they make participants
blind? IV) Did they make care providers
blind? V) Did they make analyzers blind? VI)
Was there any similarity between the control
and intervention groups at the beginning?
VII) Were there well-defined eligibility crite-
ria? VIII) Did authors present variability of
the outcomes? And IX) Did they perform an
intention to treat the analysis?

Statistical analysis

To calculate the weighted mean differ-
ence as the treatment effect, we first extracted
the mean changes and their corresponding
SDs in serum inflammatory biomarkers both
in the control and intervention groups. When
no mean changes were reported in the original
articles, we calculated them by subtracting the
end values from the baselines. In these cases,
SD was calculated using the correlation coef-
ficient of 0.6. Then, the difference between
the two changes was calculated and used as
the effect sizes in the Meta-analysis (Higgins
and Green, 2011).

The fixed-effect model was performed to
estimate the overall summary effect when
there was no evidence of heterogeneity be-
tween the studies. However, when I>> 25 %,
the random-effects model suggested by Der-
Simonian and Laird was run (DerSimonian
and Laird, 1986; Higgins et al., 2003). To as-
sess the statistical heterogeneity, 1 test was
applied and the values of greater than 50 %
were considered as the substantial heteroge-
neity (Higgins and Thompson, 2002). A sub-
group-analysis was performed to explore the
sources of heterogeneity based on health sta-
tus (healthy vs. unhealthy), sex (male vs. fe-
male vs. both), age (< vs. >50 y), duration of
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study (< vs. >median), type of prescribed
grape (raisin vs. grape juice vs. grape seed vs.
whole grape vs. grape extract), polyphenol
dosage (< vs. >200 mg/d), and study design
(parallel vs. cross-over). The heterogeneity
between the subgroups was tested using the
fixed-effect model.

A sensitivity analysis was performed to
examine the effect of an individual-specific
study on the overall effect. Publication bias
was evaluated through statistical asymmetry
tests (Egger's regression asymmetry test and
Begg's adjusted rank correlation test (Egger et
al., 2011)). P<0.1 indicated a significant pub-
lication bias. All the statistical analyses were
performed using STATA, version 11.2 (Stata
Corp, College Station, TX) and P values of
<0.05 indicated the statistical significance.

RESULTS

651 articles were retrieved through elec-
tronic database searches. After excluding the
duplicate articles, 242 articles remained for
reading their titles and abstracts. Upon read-
ing the titles and abstracts, 220 articles were
excluded and 22 ones were assessed based on
the inclusion and exclusion criteria. The full
texts of 21 papers were carefully studied and
12 papers were excluded due to the following
reasons: not reporting doses of grape polyphe-
nols (n=5), using grape seed oil (n=1), having
similar populations (n=1), having interven-
tion durations of less than one day (n=1), not
having a control group (n=1), reporting no
data for the control group (n=1), using other
nutrients beside grape polyphenols (n=1)
(Figure 1).

N =651

Articles identified through database search:

W

M =242

Remaining articles after duplicates removed

4)[

220 articles excluded after reading
title/abstract

4

Full text studies assessed for

4 )

Mot reporting grape polyphenols
dose (n=5)

Using grape seed oil (n = 1),
Studies on the same population
n=1)

Intervention duration less than one
day (n=1)

Mot having control group (n= 1)
Mot reporting data in the control

eligibility
N=22
>
W
Studies included in meta-analysis
MN=8
and systematic review
n=9

group (n=1)
Using other nutrients beside grape

polyphenols (n = 1)

Figure 1: Flow diagram of database searches and study selection
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Since the data in the study of Janiques et
al. (2014) did not have a normal distribution
and we could not calculate the means and
SDs, their study was included only in the sys-
tematic review, but not in the meta-analysis.
Therefore, 9 articles were included in the sys-
tematic review (Barona et al., 2012; Castilla
et al., 2008; Janiques et al., 2014; Kanellos et
al., 2014; Mellen et al., 2010; Tome-Carneiro
et al., 2013a, b; Zern et al., 2005; and Zunino
etal., 2014) and 8 articles in the meta-analysis
(Barona et al., 2012; Castilla et al., 2008;
Kanellos et al., 2014; Mellen et al., 2010;
Tome-Carneiro et al., 2013a, b; Zern et al.,
2005; and Zunino et al., 2014) (Table 1).
Grape polyphenols from the whole grape
powders or extracts in 6 articles (Barona et al.,
2012; Janiques et al., 2014; Tome-Carneiro et
al., 2013a, b; Zern et al., 2005; and Zunino et
al., 2014), red grape juice in one study
(Castilla et al., 2008), raisin in one study
(Kanellos et al., 2014), and grape seed extract
in one study (Mellen et al., 2010) were
considered. Our meta-analysis included 436
participants with the treatment durations of 2-
48 weeks. The doses of polyphenols ranged
from 55 to 640 mg/day.

In 2 studies conducted by Zern et al.
(2005) and Barona et al. (2012), the effects of
grape polyphenols were reported separately
on 2 different populations; therefore, we en-
rolled each article as having 2 separate effect
sizes. There were 4 study groups (Castilla et
al., 2008) in one study on 32 hemodialysis pa-
tients. Red grape juice with and without vita-
min E was taken in 2 groups, other interven-
tion groups received vitamin E, and the con-
trol group received nothing. We considered
red grape juice+vitamin E group and vitamin
E group as one study and red grape juice and
the control group as another; therefore, 2 ef-
fect sizes were extracted from that study.

A total of 7 studies (Castilla et al., 2008;
Kanellos et al., 2014; Mellen et al., 2010;
Tome-Carneiro et al., 2013a, b; Zern et al.,
2005; Zunino et al., 2014) with 9 effect sizes
and 388 participants (n intervention=198, n
control=190) were included in hs-CRP analy-
sis. Our analysis using the fixed-effect model

indicated no significant decreases in serum
hs-CRP levels (WMD: —0.05 mg/L, 95 % CI:
—0.42, 0.32; P=0.784, 1= 46.3 %). Since the
between-study heterogeneity was moderate
but not significant, we also performed our
analysis with the random-effects model,
which suggested no significant changes in the
intervention compared to the control group
(WMD: —0.18 mg/L, 95 % CI: —2.11, 8.73;
P=0.569) (Figure 2). However, the heteroge-
neity disappeared after omitting the study
conducted by Kanellos et al. (2014), which
led to a significant reduction in the serum lev-
els of hs-CRP compared with the control
group (WMD: -0.54 mg/L, 95% CI
—1.02, -0.06; P=0.026, 1>=0.0 %). The results
of the subgroup analyses are shown in Table
2. Significant reductions were found in the
studies, which had assessed the effects of
grape extract (WMD: —0.72 mg/L, 95 % CI:
—1.31, -0.13; P=0.016), and a tendency to-
wards significance was observed in the stud-
ies, which had prescribed higher amounts of
grape polyphenols (>200 mg/d) (WMD:
—0.67 mg/L, 95 % CI: —1.34, 0.01; P=0.053).
Significant heterogeneity was found between
the subgroups when subgroup analysis was
performed based on the intervention type
(P=0.019) and polyphenol dose (P=0.033).
No significant changes were found in the
other subgroups, except for the raisin sub-
group included in only one study (Kanellos et
al., 2014), which demonstrated a significant
increase in the serum levels of hs-CRP fol-
lowing raisin consumption (WMD: 0.70
mg/L, 95 % CI: 0.11, 1.29; P=0.569).

9 comparisons from 7 studies (Barona et
al., 2012; Kanellos et al., 2014; Mellen et al.,
2010; Tome-Carneiro et al., 2013a, b; Zern et
al., 2005; Zunino et al., 2014) conducted
among 401 participants (n intervention=203,
n control=198) assessed the consumption ef-
fects of grape polyphenols on serum IL-6 lev-
els. No significant changes were observed in
the intervention compared to the control
group (WMD: 0.04 pg/mL, 95 % CI: —0.02,
0.28; P=0.744,1>=0.0 %) (Figure 3). The sub-
group analyses indicated no changes in the
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Table 1: Randomized controlled trial studies included in the systematic review and meta-analysis

Code

Author (year)

(country)

11
Barona
2012
USA

1.2
Barona
2012
USA

21
Castilla
2008
Spain

2.2
Castilla
2008
Spain

3
Janiques
2014
Brazil

Subjects and
gender

Men with metabolic
syndrome and
dyslipidemia
N=11
M=11

Men with metabolic
syndrome and non-
dyslipidemia
N=13
M=11

Hemodialysis
patients
n=16

Hemodialysis
patients
n=16

Hemodialysis
patients
N=32
M=18
F=14

Age
(meanSD)

48.1+£11.3

48.1+11.3

33-79

33-79

52.7 £ 13.7

RCT

Randomized dou-
ble-blind crosso-
ver clinical trial

Randomized dou-
ble-blind crosso-
ver clinical trial

Randomized
clinical trial

Randomized
clinical trial

double-blind pla-

cebo-controlled

randomized clini-
cal trial

Intervention

46 g of a freeze-
dried
whole grape pow-
der (266.8 mg
grape polyphe-
nols)

46 g of a freeze-
dried
whole grape pow-
der (266.8 mg
grape polyphe-
nols)

50 mL red grape
juice
twice daily (640
mg grape poly-
phenols) and 800
IU vitamin E

50 mL red grape
juice
twice daily (640
mg grape poly-
phenols)

12 g/day grape
powder added to
grape jelly (500
mg grape poly-
phenols)

Placebo

46 g of
placebo

46 g of
placebo

800 IU
vitamin E
during each
hemodialy-
sis session

Not
mentioned

Only grape
jelly

Duration

(wk)

8 week

8 week

2 week

2 week

5 weeks

Variables

IL-6, TNF-a

IL-6, TNF-a

CRP

CRP

CRP

Results

IL-6 and
TNF-a did
not signifi-

cantly
change

IL-6 and
TNF-a did
not signifi-

cantly
change

CRP did not
significantly
change

CRP did not
significantly
change

CRP in-
creased sig-
nificantly in

placebo

group

Score
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Code Subjects and Age RCT Intervention Placebo Duration Variables Results Score
Author (year) gender (meanSD) (wk)
(country)
4 Patients with 63.7+6.3 Two-armed, ran- 36 g/day Raisins Nothing 24 weeks CRP, IL-6, TNF-a CRP, IL-6, 7
Kanellos diabetes domized, con- (54-88.6 mg and TNF-a
2014 N=48 trolled trial grape polyphe- did not sig-
Greece M=25 nols) nificantly
F=23 change
5 Subjects with or at Randomized, 1300 mg/day Methyl- CRP and IL-
Mellen risk for cardiovas- double-blind, pla- grape seed ex- cellulose 6 did not sig-
2010 cular disease cebo-controlled tract (83.98 mg nificantly
USA N=50 crossover trial, grape polyphe- change
M=25 nols)
F=25
6 Patients with stable Triple-blind, ran- 350 mg/day of Malto- CRP, IL-6, TNF-a CRP de-
Tome- coronary artery dis- domized, pla- grape extract for 6 dextrin creased
Carneiro ease cebo-controlled months (66.8 mg non-signifi-
2013a N=50 grape polyphe- cantly in in-
Spain M=40 nols), and a dou- tervention
F=10 ble dose for the group. IL-6
following 6 and TNF-a
months (133.2 mg did not sig-
grape polyphe- nificantly
nols) change
7 Type 2 diabetes Triple-blind, ran- 350 mg/day of Malto- CRP, IL-6, TNF-a CRP, IL-6,
Tome- and hypertensive domized, pla- grape extract for 6 dextrin and TNF-a
Carneiro patients with coro- cebo-controlled months (150 mg did not sig-
2013b nary artery disease grape polyphe- nificantly
Spain N=35 nols), and a dou- change
M=35 ble dose for the

following 6
months (300 mg
grape polyphe-

nols)

257



EXCLI Journal 2020;19:251-267 — ISSN 1611-2156
Received: December 28, 2019, accepted: February 25, 2020, published: March 02, 2020

Code
Author (year)
(country)

8.1
Zern
2005
USA

8.2
Zern
2005
USA

Zunino
2014
USA

Subjects and
gender

Premenopausal
women
N=24
F=24

Postmenopausal
women
N=20
F=20

Obese human
volunteers
N=24
F=16
M=8

Age

(meanSD)

39.7+8.5

5857

20-60

RCT

Randomized, sin-
gle-blind, pla-
cebo-controlled
crossover trial

Randomized, sin-
gle-blind, pla-
cebo-controlled
crossover trial

Randomized,
double-blind, pla-
cebo-controlled
crossover trial

Intervention

36 g of a lyophi-
lized grape
powder (208.8 mg
grape polyphe-
nols)

36 g of a lyophi-
lized grape
powder (208.8 mg

grape polyphe-
nols)

92 g/day grape
powder (62.24 mg
grape polyphe-
nols)

Placebo Duration
(WK)
fructose 4 weeks
and
dextrose
fructose 4 weeks
and
dextrose
Not 3 weeks
mentioned

Variables

CRP, IL-6, TNF-a

CRP, IL-6, TNF-a

IL-6, TNF-a, CRP

Results Score

IL-6, TNF-q, 5
and CRP did
not signifi-
cantly
change

IL-6, TNF-a, 4
and CRP did
not signifi-
cantly
change

IL-6, TNF-a, 5
and CRP did
not signifi-
cantly
change
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Study (vear)

Fern (2005]
Fern (2005]

ES(95% CI) Weight (%)

) 0300158 08011447

e 024 (-213,1865)8.07

Castilla (2008) *

-460(-11.98 2.76)0.70

Castilla (2008)

Mellen (2010)
Tome-Carneiro (20133)
Tome-Carneiro (20130)
Kanellos (2014)

Zunino (2014)

Owerall (l-squared =463 %, p = 0.061]

* 1.70(-5.99,10.39) 0.51

5 B -0.01(-1.48 1.46)11.36

- -0600-1.35,016) 2110

— 090182, 002)18.30
- 0.70(011,1.29) 2412

* I3 211,873) 127
-0.1% (-0.21, 0.44) 100.00

R
e

-12

Favors grape polyphenols

Figure 2: hs-CRP

0 12

Favors placebo

Tome-Carneira (2013a)

-0.10 (-0.70, 0.50)16.39

Study (year) ES (95% CI) Weight (%)
Zern (2005) 0.04 (-0.96, 1.04) 5.85
Zern (2005) —-—— -0.27 (-0.73, 0.18)27 38
Mellen (2010) 0.00 (-1.59, 1.59) 2.34
Barona (2012) — 0.26 (-0.64,1.17) 7.21
Barona (2012) - -0.17 (-1.07,072)7.26

Tome-Carneira (20130)
Kanellos (2014)

- 0.00 (-0.58, 0.85) 7.54
. 0.50 (0.04,1.16) 1850

Zunino (2014]
Overall (l-squared = 0.0 %, p=0.618)

s 0.14 (-0.75, 1.03) 7.43

-<:> 0.04 {-0.20, 0.28) 100.00

T
-1.59
Favors grape

Figure 3: IL-6

0 1.50

Favors placebo
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Table 2: Subgroup analysis for the effect of grape polyphenols on serum inflammatory biomarkers

CRP
Design

Parallel

Cross-over
Sex

Female

Male

Both
Duration

<8 wk

28 wk

Age

<50y

>50y

Health status

Healthy

Unhealthy
Type of intervention

Juice

Raisin

Seed

Grape extract

Whole grape
Polyphenols
dosage

<200 (mg/d)

>200 (mg/d)
IL-6
Design

Parallel

Cross-over
Sex

Female

Male

Both
Duration

<10 wk

210 wk

Age

<50y

>50y
Health status
Healthy
Unhealthy
Type of intervention

Raisin

Seed

Grape extract

Whole grape

No. of
effect
sizes

(S0 WN == o W (G201 1 o W =N

o W

o W

OON) -

Mean
difference

-0.28
-0.16

-0.35
-0.90
0.10

0.49
-0.21

-0.20
-0.18

-0.22
-0.21

-1.89
0.70
-0.01
-0.72
-0.22

0.15
-0.67

0.20
-0.10

-0.22
0.03
0.24

-0.10
0.20

0.07
0.04

-0.15
0.17

0.60
0.0
-0.07
-0.10

95 % confi-
dence interval

-1.27,0.72
-0.98, 0.67

-1.36, 0.66
-1.82, 0.02
-0.81, 1.00

-4.38, 5.37
-0.84, 0.43

-1.86, 1.47
-0.93, 0.56

-1.22,0.77
-1.04, 0.61

-8.00, 4.22
0.11,1.29
-1.48, 1.46
-1.31,-0.13
-1.22,0.77

-0.78, 1.09
-1.34, 0.01

-0.27, 0.68
-0.42,0.22

-0.64, 0.21
-0.49, 0.55
-0.13, 0.60

-0.42,0.22
-0.27, 0.68

-0.39, 0.53
-0.32, 0.41

-0.53, 0.23
-0.14, 0.49

0.04,1.16
-1.59, 1.59
-0.56, 0.43
-0.43,0.23

|2

69.4
0.0

0.0
50.4
31.7
57.6

7.4
65.1

0.0
61.7

14.9

0.0
0.0

69.0
0.0

35.3
0.0

0.0
0.0
0.0

0.0
35.3
0.0
30.4

0.0
0.0

0.0
0.0

P heterogeneity
between
groups

0.780

0.090

0.680

0.665

0.713

0.019

0.033

0.202

0.281

0.202

0.887

0.202

0.195
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No. of Mean
effect difference
sizes
Polyphenols
dosage
<200 (mg/d) 4 0.24
>200 (mg/d) 5 -0.12
TNF-a
Design
Parallel 3 -0.22
Cross-over 5 -0.06
Sex
Female 2 -0.13
Male 3 0.11
Both 3 -0.18
Duration
<8 wk 5 -0.06
>8 wk 3 -0.22
Age
<50y 4 -0.02
>50 y 4 -0.25
Health status
Healthy 3 -0.10
Unhealthy 5 -0.09
Type of intervention
Raisin 1 -0.20
Grape extract 2 -1.27
Whole grape 5 -0.06
Polyphenols
dosage
<200 (mg/d) 3 -0.18
>200 (mg/d) 5 -0.07

circulatory levels of IL-6 following its con-
sumptions compared with any subgroups in
the control group (Table 2). Nevertheless, the
results obtained in the study of Kanellos et al.
(2014) as the only study assessing raisin re-
vealed a significant increase in serum IL-6
levels (WMD: 0.60 pg/mL, 95 % CI: 0.04,
1.16; P=0.036). The between-group heteroge-
neity was insignificant in all the subgroup
analyses. Figure 4 illustrates the consumption
effects of grape polyphenols on serum TNF-a
compared with the control group. As dis-
played, their consumptions are not associated
with any significant changes in the serum
concentrations of TNF-a (WMD: -0.10
pg/mL, 95 % CI. —0.25, 0.05; P=0.183,
1’=0.0 %). The subgroup analyses further
showed that their consumptions could signif-
icantly reduce TNF-a in older adults (WMD:
-0.25 pg/mL, 95% CI. —0.50, -0.01;

95 % confi- 12 P heterogeneity
dence interval between
groups
0.155
-0.13, 0.60 0.0
-0.44, 0.21 0.0
0.365
-0.51, 0.08 0.0
-0.23, 0.11 0.0
0.489
-0.37, 0.11 18.8
-0.28, 0.50 0.0
-0.46, 0.09 0.0
0.365
-0.23, 0.11 0.0
-0.51, 0.08 0.0
0.130
-0.20, 0.16 0.0
-0.50, -0.01 0.0
0.948
-0.29, 0.08 0.0
-0.33,0.14 0.0
0.443
-0.50, 0.10 -
-3.58, 1.04 0.0
-0.23, 0.11 0.0
0.491
-0.46, 0.09 0.0
-0.24, 0.11 0.0

P=0.045, 1’=0.0 %), but not in younger indi-
viduals (WMD: -0.02 pg/mL, 95 % CI: —0.20,
0.16; P=0.853, 1°=0.0 %). However, the het-
erogeneity between the subgroups was not
significant (P=0.130).

Publication bias and sensitivity analysis

Egger's regression tests demonstrated no
evidence of publication bias for any of in-
flammatory biomarkers (hs-CRP Egger’s test:
P=0.702; IL-6 Egger’s test: P=0.657; TNF-a
Egger test: P=0.479). The sensitivity analyses
revealed no specific studies with substantial
overall effects for IL-6 and TNF-a. Nonethe-
less, hs-CRP was shown to be significantly re-
duced with no between-study heterogeneity
(WMD: —0.54 mg/L, 95 % CI: —1.02, -0.06;
P=0.026, 1’=0.0 %), except for the study car-
ried out by Kanellos et al. (2014).
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Study (year) ES (95% CI) Weight (%)
|
Zern (2005) - -0.06 (-0.27, 0.15) 48.03
Zern (2005} —H -0.35 (-0.82, 0.12) 9.81
Barona (2012} — 0.06 (-0.60,0.71) 5.01
Barona (2012) -H— 0.17 (-0.32, 0.67) 564
Tome-Cameiro (2013a) . -1.00 (-4.10,2.10)0.22
Tome-Cameiro (2013b] - -1.60 (-5.06, 1.86)0.18
Kanellos (2014) - -0.20 (-0.50, 0.10) 24.35
Zunino (2014) —-l— -0.01 (-0.76,0.74) 3.76
Overall (I-squared = 0.0 %, p = 0.760) @ 0.10 (-0.25, 0.05) 100.00
T : T
-5.06 D 5.06

Favors grape polyphenols
Figure 4: TNF-a

DISCUSSION

According to the electronic database
search results, our systematic review and
meta-analysis were the first ones, which sum-
marized the effects of grape polyphenols on
the selected inflammatory mediators. Our re-
sults showed that grape polyphenols could not
effectively reduce hs-CRP, IL-6, and TNF-a;
however, excluding one article by Kanellos et
al. (2014), the serum levels of hs-CRP were
found to be significantly lowered. The results
of the subgroup analyses revealed that the
grape polyphenols obtained from its extract
might be more effective in reducing hs-CRP
compared with any other forms of grape,
while taking its polyphenols at a dose of >200
mg/d showed a tendency towards lower serum
concentrations of hs-CRP. Moreover, its con-
sumption by older adults could significantly
reduce TNF-a levels, but there were no
changes in the serum levels of IL-6 in any of
the subgroups.

Grape health-promoting benefits, such as
preventing CVD (Shanmuganayagam et al.,
2007), protecting against cancer (God et al.,
2007), and ameliorating insulin resistance

Favors placebo

(Martinez-Maqueda et al., 2018), are at-
tributed to its content of polyphenols found in
its skin, seed, and stem (Xia et al., 2010). The
results of in vivo (Terra et al., 2009) and in
vitro (Chacon et al., 2009) studies have indi-
cated that grape polyphenols have anti-in-
flammatory effects, which might be related to
the immunomodulation pathways, antioxida-
tive pathways (Li et al., 2001), and inhibition
of mRNA expression of inflammatory media-
tors (Terra et al., 2009). It has been well-
known that oxidative stress increases inflam-
mation by enhancing the expression of pro-in-
flammatory mediators and up-regulating the
NF-kB pathway (Reuter et al., 2010; Setia and
Sanyal, 2012). NF-«B as a transcription factor
regulates expressions of numerous genes,
which are involved in inflammation (Siomek,
2012).

The results of our meta-analysis indicated
that by excluding the study of Kanellos et al.
(2014), grape polyphenols reduced hs-CRP
concentrations. Their study was the only one,
in which raisin was used as a grape polyphe-
nol source in our meta-analysis. In this re-
search, Corinthian raisin was taken by 48 dia-
betic patients for 24 weeks. Raisin has high
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amounts of fructose, which has a low Glyce-
mic Index (GI). Although concerns have been
raised that high amounts of fructose, espe-
cially among diabetic patients, may have ad-
verse metabolic effects (Sievenpiper et al.,
2012), the authors in this study used 36 g/day
of raisin, which was higher than its standard
serving size for diabetic patients (Esfahani et
al., 2014). This might be the reason for in-
creasing inflammatory mediators after 24
weeks of intervention. Furthermore, raisin has
a rich source of different polyphenols com-
pared with grape extract or juice (Karadeniz
et al., 2000), while the content of each poly-
phenol in Corinthian raisin depends on its
drying process (Panagopoulou and Chiou,
2019).

According to our subgroup analyses, tak-
ing grape polyphenols at a dose of 200 mg/d
has a tendency to lower hs-CRP concentra-
tion. Polyphenols in foods are mainly found
in glycosylated or polymer forms; therefore,
90-95 % of dietary polyphenols cannot be ab-
sorbed and thus pass directly to the colon
where they are catabolized by gut microbiota
and absorbed into the enterocytes (Gu et al.,
2004; Monagas et al., 2010). In a dose-re-
sponse analysis, some investigators suggested
that 306.8 mg/day of grape polyphenols pro-
vide sufficient amounts of these bioactive
agents to reduce cardiovascular risk factors
(Blumberg et al., 2015). However, some oth-
ers suggested that the effective doses of poly-
phenols to protect against CVDs vary from
200 to 1500 mg/day (Jimenez et al., 2008).

Our subgroup analysis on the grape source
of polyphenols also indicated that its extract
significantly reduced hs-CRP concentration.
It has been suggested that fiber-bound phenol-
ics have more bioavailability and provide
more beneficial metabolites (Maurer et al.,
2019); nevertheless, the articles of grape ex-
tract supplementations included in our meta-
analysis (Tome-Carneiro et al., 2013a, b) did
not provide any information on the fiber con-
tents of grape peels. Since treatment duration
in those studies was 48 weeks and con-
stant consumption might change metabolism
or absorption of polyphenols (Novotny et al.,

2017), their beneficial effects might be caused
by their constant consumptions rather than
their sources. Nevertheless, it should be noted
that this result was based on only two trials.

In spite of the insignificant effects of
grape polyphenols on TNF-q, it showed a de-
crease among the participants with a mean
age of 50 years. TNF-a is a proinflammatory
cytokine, which has an important role in the
pathogenesis of atherosclerosis. It is an early
inflammatory mediator that causes the pro-
duction of other inflammatory mediators,
such as IL-6 and hs-CRP (Biasucci et al.,
1996, Harris et al., 1999). Furthermore, TNF-
o induces mRNA expression of other cyto-
kines like IL-6 by endothelial cells
(Krishnaswamy et al., 1999). Serum concen-
tration of TNF-a is also increased with aging
(Bruunsgaard et al., 2000), and thus, its sig-
nificant reduction in older adults might be due
to its higher concentrations in their bodies
compared with younger adults.

In our meta-analysis, grape polyphenols
could not reduce IL-6 and our subgroup anal-
ysis did not indicate any significant changes
in IL-6 levels either. Grape polyphenol dose
in all the articles that assessed IL-6 levels was
less than 306.8 mg/day, a dose providing a
sufficient intake for alleviating cardiovascu-
lar risk factors (Blumberg et al., 2015). There-
fore, the insignificant effects found in most
studies might be due to the low doses of grape
polyphenols used in them.

Our article has several limitations that
should be taken into account. 1) All the RCTs
included in our meta-analysis had a small
sample size, which varied from 11 to 50 par-
ticipants; therefore, more clinical trials with
larger sample sizes are necessary. 2) The ma-
jority of the included studies did not contain
any information related to the participants’
lifestyles, such as physical activity, smoking,
and diet. The effects of grape polyphenols on
inflammatory mediators might be influenced
by different lifestyles as well (Adriouch et al.,
2018; Puglisi et al., 2008). 3) Although the
doses of polyphenols varied between 55 and
640 mg/day, more articles with higher doses
are needed. 4) Most studies did not include
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any information relevant to dietary fiber con-
tents or grape peels, while fibers can increase
the beneficial effects of polyphenols; there-
fore, providing fiber-related information
could be valuable. 5) There was a small num-
ber of studies in our subgroup analyses, espe-
cially based on polyphenol sources. Since
polyphenols in juice, raisin, seed, grape ex-
tract, and whole grape are different, more tri-
als on each polyphenol source are necessary
to compare their effects on inflammatory me-
diators.

Our article has several strengths: 1) It is
the first one to measure the effects of grape
polyphenols on IL-6, TNF-a, and hs-CRP lev-
els. 2) There were no publication biases for all
the selected inflammatory mediators. 3) We
had no limitations on the publication times or
the languages of the articles. 4) We excluded
those using other supplements beside grape
polyphenols that might affect the net effects
of grape polyphenols on inflammatory bi-
omarkers. 5) There was no heterogeneity in
our analysis; and therefore, we reached at firm
results.

In conclusion, we found no beneficial ef-
fects of grape polyphenols on the selected in-
flammatory mediators. Given that the doses
of higher than 200 mg/day tend to reduce hs-
CRP levels, more RCTs with higher doses of
polyphenols are required to make a firm deci-
sion on the effects of grape polyphenol doses
on inflammation. In addition, more RCTs
with longer treatment durations, grape poly-
phenols from different sources, and larger
numbers of participants are required. Since
90-95 % of the dietary polyphenols pass di-
rectly to the colon to be catabolized by micro-
biota, future studies should consider dietary
prebiotic contents as a confounding factor.
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